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(57) Abstract: »», 



PURPOSE: A method for testing the local SAR 
(Specific Absorption Rate) of a human body 
exposed to an electromagnetic field is provided to 
test the local SAR of every part of the human body 
without the underestimation by using a technique 
excluding an air layer from an average tissue of the 
human body. CONSTITUTION: A specific node 
(injn.kn) consisting an FDTD(Finite-Difference 
Time-Domain) cell is obtained. The values of the 




node, a local tissue mass, and a total of the local 
SARs(SARtotal) are set as the initial values. 

Thereafter, the node mass of the FDTD cell is obtained. If the node mass is not zero, the node number(n), 
the SARtotal, and the local tissue mass are increased by n=n+1 , SARtotal=SARtotal+SARn, and M=M+Mn, 
respectively. The increased local tissue mass is compared to a predetermined average SAR mass(Mo). If 
the increased local tissue mass is similar to the average SAR mass, the SARtotal is divided by the number 
(n) corresponding to the corresponding node to calculate an average SAR(SARav). 
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5- 3b 

SAR ^7>, &x}7]^ ^ 
£.^2] 7><a-tr 

.£ i* *m £\n a*}?] 4m *i sg7>svfe ^^>» m-ehi^ s^i-a, 

^^l^fl^ 31^-1. ALo^^ £ol51, 

£ 3a^r * «^o| oiSflfil ^ SAR Jg7>» ^Sfl FDTD(aR><3« -fr*^^ ) °d»o v ^l^ ^ 

£ 3b^r <$7] £ 3a ^^}7] ^ft ^sojji, 

51 4afe ^el SAR 7^KlVs>71 *1^$1*1^ °*H^l, 

£ 4b ^*1 S. 4d^r FDTD 713* ^^sfl^ ^o)] ^-tgofl o^e} ^ SAR T^tr ^sf# -SL^^r £ 

£. 4e £. 4Rr FDTD 4^1713* °l-g-*H ^^)«fl^ 7l<g^ fHl^l ^ ^3 SAR 

€■ It^*, #7+71 oj)u|^ 1-^ ^jf}-^ &® $2-3., *Lt± ^-^^ O-Sfe, PCS ^7l<4 :§* A>-g- 
ZLS^-Ei ^V^Tr ^7>7l oflui^l^ olSflifl ^ ^7>3)-^#(SAR)* ^$*Kr 3*W «^-§T ^ 3? ^ 



A}-g-°l #7>2r ^-7)1 Ol* ^7H^ ^7>7l^) oflui^o] zg-^Jg. #711*] o] 

?i# Sl^l rfl^- cfl^s] &^o) #tfl£|<>l #c}-. *i #2)-(rf : Radio Frequency) i^#.£.Jfe1 ALJ^l 
ov^^l^s.ol o^el ^-7>oflA^ ^-^slol^Aol, =L ^ ^7>3|-^^-(SAR : Specific Absorption Rate)* ^ 

uvo] i-^o) ^ o. 0 .08W/kg, ^°r- ^#21 ^*«^^ lg 2:^31 SAR^l 1.6W/kg, £fe lOg 2^2] ^-g- SARc»l 

2.0W/kg* ^^1 S>Jl Slcf. ^--^ SAR* ^"71-14 71^-cll nl-el- ^>7lsl ^ 7>*1 7l^ ^ t4=LJi ^cl-. 



^f- SAR* 5g7l-sl-^ oils, ^cfl-g- ol^S). tb^7Hl ^S]:?!^ SAR* 3.7*1) ^ 7^1 sg7>Sl-al 
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£31 °]*fl (phantom) ^ £fe fl°fl, ^3.^^ ^z}^ *c|l-§- o)^^^ ^7)« a1^*H ifaj- 

SfJl S-^ol^l xfl-SjLofl ^71^- £S« (probe)* ^Sp^ SM^-fr ^Z}51 n. SAR SiS 3°1 

1. 

*fl tfl ^7]^- a* SAR &°-3- ^SVfe SH*}. °1 <C ^^1^^ 7l<g£- ^5. a) ^o.^.".^ (FDTD : F 

inite Difference Time DomainH A>-g-s]^, -y^l ^ cfl^s] sflJf-iq-^ $\o]tf<$ 7]^ 

o)e]tb «3« "H-f ^SSlJi Si-^, ^*1*1]*| 7l^ol FDTD 7l^o|ej- sj-cle}- 

£ 3g 7 > ^^£uf 7.fl^ 7flAlAl?l7l ^SflT-i Z^l JI-&-21 7]^^ 7fl ^ Jl <&^. 

Aj-7] ^ Sfl^^ wjogofl 0)^-^3). ^7|» ^^7|^j- ^15- *H 3*r7l <H1M*1 ^r^* 

<S«!:*1_05. 0 ]%.£$. 7 ]±. ^m^a} o_s_ ^ B^af £tf -a-Bfli^s £*| S.««8«H, °l-§-33l- e-^Hl rflsH °1 

0)E^ OlSfliSl- ^^-7lSl 5L<t«y Ol ^Uf^ Ol t¥ 7>Xl aifofl rfl^fl Ol^7> ^^711- Aj-g-S}^- -tfEflig. ^2} S | 

o)o> ^cf. FDTD TflAj-g- flsflA^ ole^tr -f-^- ^J-Efl *afl*l» 3fe ^eHH FDTD ^l4=l(mesh)S cfA] ^a^o) tr4. 
3aR)3 ^oflAi ejAj-^ol ^sl- Aj-EflS ^«sRr tHlofl^ <Hel-g-ol 5i7l nfl^j cfl^l 1-2S) ^SLS. ^^71-1- ^f^-ofl 

^S^^ ^ ^'&7l oi^ll tflijto] ^7>7l^ ^l^Sl-71 ^«fl FDTD ^Jae)^-* ol-g-^-cf. 3. ^21-S 

^7.>7l^- SAR tlS >S«-sl-7fl ^cf. 



SAR^g- ^#^31- 3J|^#^1 #^?J:3l ^ MS tfl^r~g- ^§^1 S3] 21 7.}°-^?} 3}- ^-<g§VS 

S RF cfl^ofl^ 7 ixl si ^l^sl^ ^4^.0. ^71^-ofl pfl^qs^. ^.gfl ^^cf. u\i%x\, SAR ^ 

^ 37l^^3L2}- *8Z\] ^£0} 7 }7.)JL &7]*\ ^ ikSL^B\ ^oi^oj, n #al^?l ^sl^ ^3 ^£(r)«?] 
*ll^§-(dV)m2l f^(dm)MHAi E^r n ^^-(dm)<^l ^«fl ^1M^ ^«-(dW)2l 



1 



°i7HM o saj £^-ir(S/m), p ^^(kg/m 3 ), ne)Jl Eife tfl-?- ^71-71^-sl ^^^(peak value)^!^. 



^•71 ol-g-sl-^ oi^l] ufl 2,^3] FDTD ^ ^2l£l^ SAR iJt* 7^)31 ulSi lg £^ 10g2l ig^- 

SAR-g: ^#S>7fl ^cf. ^ o]^-^- n}9^ ^ tf&^'H ^ ^°11 ^tr "y-^l 3.7]} ^ 

* =r slM-fe lg S^1<H1 r)l^ SAR ^-g- &7l]x}7} 1.6W/kg(nl^-, 7^^)o)jl cfs. ^q.^ 10g ^^l 

°fl cfl«- SAR *l-g-?!-^^l7> 2.0W/kg (-fr>a, <a^, ICNIRP-^-^ll wl^e)a./.]. « 0 v^^si )olr}. ol 7l$-i:^ S-*f- ^e] 
21- -g-*°ll cfl^fl fl^Slfe ^, £%r, ^, ^4 ^ A}*H cfl«fl^ife lOg 3§5<^1 cfl«fl 4.0W/kgi>-5L fl-^^-cf. 
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$°] o>Me)- ojBW ^f^A S t#s^ i^^olcj-. u\S\^, o)^ 

^Al^^ol ^ o- <y*flofl <^ol ^a] ^ 7 )§ njaVol^ ^x^S. 0.5. ^5)^ # ^ & 

7|^-^1S <y*llJi^l- 3*IHfe ^^>7]^- ±m:#S] ^ r o\) ^#o] ^-tfJg-g- SAR ^ SAR-gr W*M<>> 

lOg ^d^«o V ^ 

3fe ^°1M ^ -g-<H 7V^-§- ^sl-JL*}- ^ 3J<>H, ^-§-3}-aj°l <^Sl 2]u]^r 

*lfe &fe4. 3^-1+, 9jw>^ SLS. <Q*$*qi<% cfli& JgS SARfe ^-tfl^ o.s <3^r3 sg^- SAR Stiicf \£t)1 

71" Sfl-fr ^ 5fl^. ^>o]# 7}# 37l| 7>^# 7>^o] JIOIS) S>147> «>S o]^7fl Sg^Hfr ^ *J 

fe <r*)m*i 7}>ssr A>-g.s>^ 3g7>«>^ ^ 2^ ig afe io g ^ °n 5a«n^, 

« safe -8-°l^°l -f^rt> ^ H o v ^ ^ -8-71 «o v ^-a- -a«^l?l7l ESa^i 7l^-«- ^^e) 

S =r Sife 7is.pfl^» ^ll^fe ^-cf. 

^ ^ aj-g- 



^ofl nj-a^, *cfl-g- ol-f-^-A] ^-^7l<4 ^ ^7.>7l^ ^^ofl ^€ ^7>3H-^(SAR)# ^ 

£fe 5)l^s>^ cfl ^o^, oi^|s.«.E| 4^31 fl-^^ SARi ^^*>fe ^ SAR 5g7> « o v^ofl ^o] 

^i, ^ o] ipg € ^ s>fe SAR* <a-al^ ^1^* ±^ ^ ^ ^fe F 

DTD H(2!fe ^^)^ ^ ol^xlEl, ^^=ol 71^ ^7l#^ ^l^Al^^A-l ^£]<H *$ 



#71 HSZl^fl-Slol il* ^ ^ 71^^ vflo)l 7-1^ ^ ^1^-. 



^l«fl^* ol** ^ 2t*Jg7>* fl«fl-Hfe £ 2S1- §©1 .5L1 cHolE)rifloli(DB)7> 70l^£|^ O > ^*]sfl^ 

^, ?! sfl b] ig afe i0g<Hl sfl^-sVfe s^f ^fl#l*Vfe u o^^l «^ ^°1t4. ^, fe ^fe €^1 3g7>^^» M-ei-vfl 

fe £ lol^i cj-Til " 101" ofl SflWq-. «1 sf^fe -r^l«fl^ -2.-&S1 ^^e| 4^(post-processHl ^r^cfJl ^ 
^ 5U^-. fe t^* -a^^-oJI Sl^^i 3. oil* FDTD 7$-&2\ ^^S- S>j1, i^#^fe PCS ^:^-7l2f ^-fe ol^^-A] cf^- 
71 » ol-g-^. 
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°W ^ ^ ^7>-§-<>l ^<H1^ ^1*1 4r 7^ §icf. uJ-bM, ^o)lAife ^^ajo] ^zi-g. aJej. 

^ ^-f , "BlMI S^S] sg-^&iicl- 2fiig7l-5q^l Jg-f z]- FDTD ^gSl SAR ^T^lfe 



£ 3a» ^ "a^l** FDTD 7fl<4s] ^ z}- ^ 37 ] 7 |. o^j-sflo] 30.= u^d}, ^ a] ^ o.ofl^ ^ 



SAR ^^-i-^l^fe, ^ SARI- ^7] ^«fl sa] -fr sfl^ nfl tftifg: 

+7} ^S^. 38m, ^>7l^- ^#«£r *1*H Sq^-, ^ b)^ #*fl*)-Jl, ttj.^ cflTfl B]Y S]^%-o\] S 

AR»«>1 ^^lsl-Tfl ^cf. n^cfl, 01 5(fl ^ d °H<HH ^^=* 1 =1^, SAR x r <S*l c| £3, 

^-9-, ?l*fl£) sl^oflA^ ^ sg-g- SAR 333*1 ^rSL 9X^. 



333, «• 3€- ^¥ ^5 SAR ^MWg-ft- 3-8-3€ 33* 4-isg7}-$ 3*W3 *3*fl ^33 3^ 3^33 
S--T- ^-¥- 35 SAR* ¥ 213. 

£ 3a» ^-alsl-ia, z| jfl^, Lj , L 2> .... L j L 2r.S(i 0 , j 0 , k 0 )<Hl^i =L sf^r ^> 

±^ 3.7)2] tb 7flSl FDTD il^ ^ 2:^1^ °] A ^l^^^r -S-t 

«<H, Li^gr Sj, S 2 , ^ S 3 ^ *^oli is ^ € ojo.^ L 2 fe Sj, S 2 , ^ S 5-SL ^^cf. a3?i^ 
^l^-igsf ^2]-o)^^ ^Jr-i- i4^\Hcf. ^fi] cf*3f zj-^- ^o)l rr)-e1- ^A>^cf. 

^, I^r 51) °1<H( Layer) ^^S^, l~L 7>*H o-jo.k 0 )°fl 7>7>-§-^^- ^-ja, sfe 312^, 1~ 

S a* 7}XM ^7>7l^- 7>7>^a- Ci ^ ^ 7f7]B], nS ^ ^ i^S SiS^i, 1~N S 7}*\*\ ^ 

0?1^1 " ofl" ?1 ^-f <^lfe n = ^ ^-7l» t+Ef-iflSS iiHS ^1^5>J1, " o^i" t! ^-f oflfe- iiS. 

^^.(n)!- 1^ #7M ?) 3. iiS ^^(m n )4 SAR 5l:(SAR n )* T^SWn + M + m n> SAR tota , ^SA 
Rtotal + SAR„). 

°1 ¥^=1^ ^^=°1 fr^€ SAR ^5^^(M 0 )(lg £tt 10g)ofl 7>^- 7^* <£4 ^^o^o) 

¥^j* "fl "Y^ ¥^ M«l M 0 <H1 ^cflS. e^«r^l ^A>^-rf. o] zjA>sl ^i^ofl n|.sj. c>gfl2f zj-o] 

¥^ Mcl M 0 °H ^cflS. ^e*Rr*l " «?! ^-f°fl¥ SAR t0Ul * ^^21 ^i( n )S M-^ 0 ! 

5g5 SAR* T^r-a, " °>M^-" ?I ^-T-°flfe S. 3b<Hl n+^r cf-g- M=5L ol^tl-cf. 

<%2]2l iLJ£(i, j, k)°HAi SAR4 V= ^^=* cf-g-af £°1 7^1^>€^. 
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2 

WW.>.*) = a(/ + 0.5.y.*)|£,(i+0.5,>,*)(' + <t(i, J + O.S. 0', J + O.S, t)] 1 + 
a(.,y.* + 0.5)|£, (/.>,* + 0.5)|* 



^*HI 3 

;r.E*j (..>,*) = OKi + O.S,y,t)+ p(Ui + 0.5,*) + />(<",>.* + 0.5)) 
•Ax-Ay-Az/3 



^HH o 4p ^^1 £;d-§o4 ^ ^S.o]t^. zze|ul, A x, A y, $ A x, y, ne|Ji z 1^0.3.^ FDT 

D -a 3.7]°}^. 



ol^g-^i^ QVtflM-S 3.^s}^ ^ ifl2l ol^l ^ SAR iLc-1 Jl Sfltf. 71^2} <y« 0 V*fl S^-g- 7 >^]jl SAR 

< Wfc ^-fS^ rz <?J^ iflofl ^7121 frfr-fr* 10-20% ^-§-s>c-lef£ 9] if- fom a ifl^. si *?Knasal 
cavity) ^ ^S>^ $ ^go^fe SAR o] 3 33*1 2«! #-3 H^r ^S]<H Si^-§- «- 

^ SiCf. °l£r ^71 fl-fr-fr^ *\-%-2\7\ c] 4]«fl^^ 53 # ^ fll}. ^71 ^-fr-fro] a<2 Sg^Rr 

7V FDTD € 7fl2l n^o] e}t^, ^s] s = ^aj fl-^ S aj ^ofl cfltb SAR ^5-^7]- ^3 



£ 4# *«fl ^ SUfe ^-o], FDTD ^ 7,>^1 SAR ^2}- nfl 7^ 3°1 oj-g-^ ^0]^- ^ 0} 

ol-efl a l^r & ^ofl m-e «o Vl S^- ^2fl t^H ol*^fl-» * r -8-*rfe- W^l He]«4 £21 zj- ^cfl SAR a 
34 n &o] q-El-q-fe- $1*1 » »]MzfcL <g«g-a|| sg-g- 2^31 Tj-2- §- 7 l frfr*o| 4^ SAR #5= cfs^ > ^cfl SA 

R 21*151 ^e+^# ¥ ^ Sicf. ^-71 (air) ^7l] ^-g-^^- ^S)$= Eh^o] #t.}7]^ iil 

3)1?- 2\^i£°\]x\ ^o]X\s.S. 7>^*1 SAR 7>5>7fl ^Cf. 

S lofl^l ^2] 7J o.o11^ -^^)7> ^elofl Hlsfl oj= 7l nfl^ofl o] =-S.e1^7fl ^Cf. ^7>^2l SL-f 

2cm vfl2l7> 5]fe Cl] lOg ^*>7l ^SflAlfe ^3] <a« 0 >^2l ^ ^ ^ol7V «J= 2.15cm(±£3] 2] 1000k 

g/m 3 ^--asl-Tfl 7}-^)-^ ^^-)# ^*fio> cfl, o)fe ^ 7 >^ -^^-^a^ D fl^- <>| ^ ^1 n}-^, ^2] tJ2^ 

^21 37ii -a- ^ sa^. 



- 6 - 



^-2003-0002957 



x 

03 



o 

CQ 



CO 
00 



o 

b 
o 

CQ 



— H O 

IT C 

| K 



CO 
CD 



no 3 

ZJ O- 
=> CD 



ro 

CD 



2* 

13 CD 
CD C 

CD 



ro 

CD 



co 

cd EZ 

CD 



X 
CD 

CD 

o_ 



o 

CQ 



O 

b 
o 
co 



CO 

3TJ 
CD 
0) O 

in =^ 

w CD 
Q_ 



riff 

OS 



OS 

nu 
nr 
w 

J>! 
12 



0* 

(Wo 



12 



52 

on 

ion 

niw 

r>d 
m 

o 
o 



S 

n* 

CO 

> 

ex 



- 7 - 



^•7fl^-^ ^-2003-0002957 



^l^W -SI'S* *t€r SAR $7} nj-aig, tfl¥^ 4 ^3<*H zi 4 ^-fr 3*H13 

^! ¥33 , 3*1 €*}¥ ^-g- ^f^|AS ^Tfl ttf^, ^ ^^91 52)2] ^3]^ ol^)^ 

<ysisi s.<a=-§- ^Tii «y^oi §^ ^ £o1 ) 37ii j:3f^<y ^-f- sar -§- ^HsRr 3°) 7}^}^. 

(57) ^3 

1. 

Sft<H. <?1^JL^&| d^2) ^-i- 3«H SAR* ^HJsRr oi*H<q ^ SAR ^7} «<HH] o]^, 

<#7l ^2] ^^=* #1*Rr H o v, 3*, ^-¥- SAR* ta^f S>fe *1^* -I-ei*Hr ±^ 3* FDT 

3**1 ?i*fi ^* ^ 3* ^-^^.s. si-fe ^¥ sar sg7> •s-'a. 

3^ 2. 
*il 1 *J-°fl 5a 

^¥ SAR* $>al7> S>ir ^l^* -fr5l*Rr ±^ 3* 5? ^J* 5fe FDTD-&(aHr ^3^)2} ^¥ ^S^* ^Hrd] 

Sfl°H, 

^-71 ^¥ ^* S>^-SM ¥^^l7l£l 7>7>ol FDTD #^)2^ ^Jf ^* ¥ 

^l^-o sL ¥^ A l7lfe 3* ^-^ SAR ^7>h 0 V^. 

^ 3. 

^cfl-g- ol**^ ^ v 7l^ "Jl^^ ^¥ ^7f^^*(SAR)# Hi^r 01 

SI<H, ^"-¥- SAR* SRr ^1^* l-e1^>fe ^>y-* ^fe 3^V« ^2:2] FDTD ^t(£fe ^^^)* -f- 

«fl ^*fl^l ^¥ cl^H °J^1S^E) if^g^ ^^=* tl^l^ ^ SAR * ^7>*fe « 0 >^o11 9\o]*\, 

^7] FDTD-S(S.-c- #^^)* <332| ts .( in)jnjkn )-- ^11 ^1; 

^7] iissq- ^ 2,2] ^^=(M) ^ ^¥ SAR21 ^-(SAR lota , )2) ^* ^7l^o.S. ^ ^7l FDTD-fi2] ic^ ^ 

^§>fe *I12 

^71 icH. ^3^=2] " o" <y^l ^r^-sfe 7fl3 ^-7)]; 

^7l »13 ^7fl iiS ^^^o) » o" o) o}^ t H ^s(n), SAR total ^ M 2] &* z|z| n = n + 1, SAR 

lota , = SAR tota , + SAR n ^ M = M + M n °S #7>a1?1 ^7}^ M &°] fl^^ SAR |^^t(M 0 )1 e^s>fe 

^•71 ^14 ^-7^1 e^^H cl-* i^H.ofl cflSfl ^13 ^*>» ^!^*VJ1, -E^sRr ^*°flfe SAR 

total * ^ ^-—^ ^-§-*>^ ^r(n)S M-*<H SAR *g$&(SAR av )* ^s>^ ^15 #74]» i«-5>^ o]S-ol^l^ 3^- 
^-^ 0.5. sVfe ?1^2l ^ SAR ^7} 
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XW, ^ SAR* "SjI^ ^1^* ^«8= ^ 3*>« FDTD -flCS^r ^«)* * 

*fl ^ 2:2} *j^(M)-8r cl*>^ -y^l^^-El i^Sl fl-^JS $|*H ^-(SAR toul )-§- *«(| 

^>jL SAR -g: ^g7Vs>fe « 0 V»H1 91°)*], 

^■7] FDTD^(£fe ^^)* ^(i n ,j n ,k„)« ^sRr ^11 

^7} t£, M ^ SAR total Si St* ^7)&il3. ^^tb ^- -#71 FDTD^Sl 2n£. H^-§: ^-SRr *1l2 ^*>; 
^7] V.JE= ^^S) fto] " 0" ^r^a-}^ *fl3 

^7] z\]3 t£ ^3Jt°l « o" ol o>vl 7| 0.011 «^(n), SAR toul M 2) *m n = n + 1, SAR 

total = SAR total + SAR n ^ M = M + M n °-3- -g^A}^ ^, M fl^S SAR ^5^^=(M 0 )<H] e^SRr 

*1 *&&*}$r *fl4 ^ 



-tf7j *1]4 #7fl e^^l 4-8- i^ofl cfl*i) >S- 7 ) ^3 ^} o)^ ji^-g- ^1^*>J1, e^Rr ^-f<Hl^ SAR 

lol ai «fl^ tfl-§-*Hr ^(n)sl i+-f<H SAR s§-g-3KSAR av *)l5 ^^># -a«*1^7l ^ iSa| 

* 71^ ^ 7l^p)l^. 



51 ^ 1 
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